Real-world management decisions for acute cough in children in primary care practice are not well understood. This study is an analysis of 560 encounters for children with cough, 19 days to 18 years of age, seen in a predominantly suburban academic pediatric practice, over 1 year. Past history, cough duration, and cough characteristics significantly affected treatment decisions. Children with cough frequently had a history of preterm birth, allergies, asthma, and neurological conditions. Most common therapies were bronchodilators, antibiotics, and oral corticosteroids. Children prescribed antibiotics were older, more likely to have a wet or productive cough, history of sinusitis, pneumonia or dysphagia, and longer cough duration. Children prescribed oral corticosteroids were younger, less likely to be wet or productive and more likely to have history of asthma or dysphagia. Children prescribed bronchodilators were more likely to have fever, nasal congestion, and wheezing and history of previous asthma, pneumonia, or dysphagia.
Background
Cough is one of the most common reasons for primary care visits, 1, 2 and often frustrating to treat. 3 Since acute cough usually resolves in days to a few weeks, [4] [5] [6] diagnostic tests are rarely performed, and empiric management based on clinical assessment is the rule. [7] [8] [9] There are a variety of therapeutic options, including expectorants, cough suppressants, bronchodilators, inhaled and oral corticosteroids, antibiotics, antihistamines, and decongestants. Cough medications are often ineffective or even potentially harmful. [10] [11] [12] Physicians may feel significant pressure to prescribe something, including antibiotics, 13 despite knowing they may not be useful. 14 Bronchodilators and oral corticosteroids may help, but the diagnosis of asthma may be uncertain, particularly in young children. 15 The relationships between signs and symptoms and use of bronchodilators, antibiotics, and oral corticosteroids by primary care pediatricians for coughing children are not well described.
Objectives
To clinically characterize children with cough when they present to their primary care pediatrician and better understand the relationships between patient characteristics and treatment with bronchodilators, antibiotics, and oral corticosteroids. The hypotheses were that children with a cough characterized as wet or productive were more likely to receive antibiotics and less likely to be treated with oral corticosteroids.
Design and Methods
In this cross-sectional retrospective study, demographic information, past medical history, history of present illness, medications, assessments, and treatments were extracted from the electronic health record (EHR) of children with a chief complaint of cough who presented to a predominantly suburban, academic pediatric faculty practice, over 1 year. This study was limited to encounters with children for which an EHR cough template was completed. Univariate analyses were performed to identify risk factors for receiving bronchodilators, antibiotics, or oral corticosteroids. Chi-square analysis was performed with calculation of odds ratios and 95% confidence intervals for clinical characteristics. Characteristics found to be significant in the univariate analysis with 2-tailed P values <.20 were further evaluated for significance using multivariate logistic regression analysis, with 2-tailed P values <.05 considered significant. Data were analyzed using STATA, version 15.1 (StataCorp LLC, College Station, TX). The institutional review board approved this study. Data confidentiality was preserved, and the study conformed to the Helsinki Declaration of Bioethics (2013).
Results
Five hundred and sixty patient encounters were included in this analysis. Age ranged from 19 days to 18 years, mean (SD): 6.6 (4.8). Eighteen percent were <2 years of age and 41% were 2 to 5 years of age. Forty-seven percent were female, 86% had private insurance, and 19% had previous MD encounters during the illness. Past medical histories are summarized in Table 1 . Fifty-six percent had prior encounters for cough in the past year. Many had underlying conditions that might predispose children to cough. Twenty-one percent were born preterm, 42% had a history of allergies, and 41% had a history of asthma. Twelve percent had chronic respiratory disorders other than asthma, primarily bronchopulmonary dysplasia or airway disorders, of which 78% also had a diagnosis of asthma. Ten percent had chronic neurological or neuromuscular conditions. Twenty-six percent of the encounters were with patients also followed by pediatric subspecialists.
The assessments of providers at the time of the encounter are displayed in Figure 1 . The most common were upper respiratory tract infection (URI) for 43% of the encounters, followed by acute asthma for 18%. Croup, acute pharyngitis, sinusitis, pneumonia, bronchitis, and otitis were each diagnosed during <10% of the encounters.
Treatment categories are displayed in Figure 2 . Some subjects were prescribed more than one therapy. The most common forms of therapy for cough were, in order, bronchodilators, antibiotics, oral steroids, and antihistamines. Nasal steroids and a variety of cough medications, including both expectorants and suppressants, were prescribed in <10% of encounters.
The relationships between assessments made at the time of the encounter by primary care providers and the use of bronchodilators, antibiotics, and oral steroids are described in Figure 3 . Bronchodilators, antibiotics, and oral steroids were prescribed for 77%, 15%, and 14%, respectively, for children with URI; and 78%, 23%, and 29%, respectively, for children with acute asthma. Antibiotics were usually prescribed for sinusitis, pneumonia, bronchitis, and otitis. Bronchodilators and oral steroids were rarely prescribed for those encounters. The encounters in which oral steroids were commonly prescribed were acute asthma, pneumonia, and croup.
The relationships between patient characteristics and the use of bronchodilators, antibiotics, and oral steroids are described in Table 2 . Children prescribed bronchodilators were more likely to have a history of previous cough encounter within the past year, history of asthma, pneumonia, or dysphagia, and more likely to have fever, P < .001; nasal congestion, P < .004; and wheezing, P < .001. There was no relationship between the use of bronchodilators and cough characteristics or duration of coughing.
Children prescribed antibiotics were older, more likely to have a history of sinus infections, pneumonia, or dysphagia, and less likely to have a history of preterm birth. These children had longer durations of cough prior Fifty-four of the 68 subjects with chronic respiratory disease were also diagnosed with asthma.
to presentation, P < .001; were more likely to have a wet or productive cough, P < .001; and their cough was less likely to be barking, P = .006; or dry, P = .013. On multivariate analysis (Table 3) , age, history of prematurity, history of sinus infections, history of pneumonia, dysphagia, duration of cough >7 days, barking cough, dry cough, wet or productive cough, and rhinorrhea were included in the analysis. Of these, history of prematurity, history of pneumonia, longer duration of cough, and the presence of a wet or productive cough remained significantly associated with prescribing antibiotics. Children prescribed oral corticosteroids were younger and more likely to have a history of asthma or dysphagia. Their cough was more likely to be described as barking, P < .001; less likely to be wet or productive, P = .001; and they were more likely to be wheezing, P < .001 (Table 4) . Multivariate analysis included age <2 years, history of prior visit for cough in the past year, history of asthma, sinus infection, and dysphagia, presence of barking and wet and/ or productive cough, rhinorrhea, and wheezing. After multivariable analysis, a history of asthma, dysphagia, and the presence of a barking cough or wheezing were associated with prescribing oral steroids (Table  4) , but there was no longer an independent relationship between oral steroids and the presence of a wet or productive cough. 
Discussion
This study demonstrates that bronchodilators, antibiotics, and oral steroids are commonly prescribed for children who present to their primary care provider with a chief complaint of cough. The emotional and economic costs of acute and chronic cough in children and adults are considerable. [16] [17] [18] While acute cough is most commonly related to a viral URI and will quickly resolve, coughing is disruptive, often keeping children from school, parents from work, and results in missed sleep for children and their parents. In one study, cough associated with URIs in children resulted in disturbed sleep in 88% of children and 72% of parents. 19 Coughing is frightening, can trigger vomiting, and until the illness is resolved, parents will lay awake worrying there is something more serious going on. It is estimated that the economic burden of noninfluenza-related viral respiratory tract infections (all ages) approaches $40 billion per year. 20 In this study, a significant proportion of children who present with cough to their primary care provider had a history of asthma, chronic lung disease, preterm birth, or encounters for previous coughing. This may be reflective of an academic pediatric practice and not generalizable. Most patients had coughing <21 days prior to their visit, so this is a study of how pediatricians assess and manage acute cough in children. Chronic cough is commonly defined as lasting >8 weeks in adults, [21] [22] [23] and >4 weeks in children. 23 The intermediate group (between 4 and 8 weeks) has been referred to as "prolonged acute cough." 24 The presumption is that acute cough resolves without specific therapy, 4, 5 and therefore, prescription medications are not needed. Despite the likelihood that acute cough will resolve within a few weeks, pediatricians prescribed medications for about two thirds of children. Cough medications, including expectorants and suppressants, were infrequently recommended. Pediatricians were more likely to prescribe antibiotics and asthma medications including oral steroids.
Bronchodilators were prescribed for 43% of encounters, though acute asthma was included in only 18%. This is not surprising since 41% of the patients enrolled in this study had a history of asthma. There was no relationship between the duration of coughing or the description of the cough, that is, dry, barking, wet, or productive, and the use of bronchodilators. Antibiotics were prescribed during 32% of encounters. Risk factors for prescribing antibiotics were preterm birth, history of pneumonia, cough duration of >7 days, and coughing characterized as wet or productive. It is not known why wet or productive coughing was more likely to be treated with antibiotics. Wet coughs are often a sign of bronchitis, which is almost always viral in children. 25 Bacterial sinusitis might benefit from antibiotics but generally triggers a dry hacking cough related to postnasal drip, and less likely to trigger a chesty or wet cough. 26 Providers may be concerned about pneumonia, though there is no evidence that the nature of coughing is helpful in distinguishing bacterial from viral pneumonia. 27 Data on which specific antibiotics were chosen for children with a diagnosis of pneumonia are not available, so it is not possible to deduce if providers prescribing antibiotics for patients with a diagnosis of pneumonia were considering Mycoplasma pneumoniae or other atypical infections. 28 There has been much written about the adverse effects of overprescribing of antibiotics. [29] [30] [31] In recent years, the concept of "Protracted Bacterial Bronchitis" has been recognized, 32 and antibiotics have been shown to have some efficacy in children with persistent wet cough, 26, 33 though this is generally limited to coughing lasting more than 4 weeks. Providers and parents are understandably concerned that antibiotics will help prevent more serious complications or secondary infections. 34 In a recent prospective study of over 8000 children presenting with acute cough (≤28 days) characteristics found to be independently associated with hospital admission included the following: age <2 years, current asthma, short illness duration, parentreported moderate or severe vomiting in the previous 24 hours, parent-reported severe fever in the previous 24 hours, clinician-reported retractions, and wheeze. 35 Oral steroids were prescribed for 18% of encounters, particularly for patients with acute asthma or croup. Interestingly, oral steroids were prescribed for 28% of the encounters in which the assessment included pneumonia. On multivariable analysis, risk factors for receiving oral steroids were a history of asthma, dysphagia, barking cough, and wheezing. Children with wet or productive coughs were less likely to receive oral steroids on univariate analysis, but this relationship did not hold up when confounding variables were taken into account.
There are a number of limitations to this study. It is retrospective and limited to data entered into an EHR. It is further limited to those patients for whom the practitioner chose to use the cough template in the EHR. Other children may have been coughing but other signs and symptoms were more prominent. There is no follow-up data, so it is not possible to venture any opinions on whether specific assessments or chosen treatments were effective. This study is limited to one suburban academic pediatric practice so the results cannot be generalized to other types of practices or locations.
Conclusions
Children with cough referred to an academic pediatric practice frequently have predisposing underlying conditions, which might help explain the frequent use of bronchodilators, antibiotics, and oral corticosteroids. Though acute asthma was the presumptive diagnosis in less than a fifth of children, bronchodilators were commonly prescribed. Antibiotics were more likely to be prescribed when the cough was described as wet or productive for children and in those with a history of previous pneumonia or cough duration of >7 days. Oral steroids were most commonly used when patients had croup or a barking cough, when wheezing was heard, or when there was a history of asthma. Cough expectorants and/or suppressants were rarely prescribed.
